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Abstract 
Wine yeast require an adequate supply of assimilable nitrogen (yeast assimilable nitrogen or 
YAN) during alcoholic fermentation to prevent nitrogen limitation stress, which can lead to the 
incomplete fermentation of sugars and the production of off-flavours. In the present study, 
Albariño grape juice (250 mg YAN/L) was supplemented with ammonium to obtain a medium 
(350 mg YAN/L) and high (450 mg YAN/L) concentration of yeast assimilable nitrogen. The 
impact of the initial YAN concentration of the must on the formation of wine compounds was 
determined at four months post fermentation. The YAN content of must affected fermentation 
profile, wine composition and volatiles content. In this study, ethyl esters and total alcohols were 
the most affected compounds. These results suggest the importance of optimising must YAN 
content for wine composition as well as fermentation kinetics. 
Introduction 
The yeast assimilable nitrogen (YAN) content of grape must regulates the growth and 
metabolism of fermentation yeast. Yeast cells are subjected to stress during alcoholic 
fermentation by non-optimum YAN availability. Low YAN is associated with lagging and 
incomplete fermentation, and sulfide evolution, whereas excess is associated with unbalanced 
production of some aromatic compounds (Bell and Henschke 2005). In a preliminary study with 
a Chardonnay must in combination with a high nitrogen demanding yeast, Torrea and Henschke 
(2004) showed that an intermediate concentration of YAN produced a wine with most preferred 
sensory attributes. However, more work is needed to determine the optimal YAN concentration 
of musts of other varieties in combination with yeast having different demands for YAN. In 
order to predict YAN-related fermentation problems, it is necessary to measure the initial 
concentration of YAN in the must. It is recommended to supplement deficient musts accordingly 
with diammonium phosphate (DAP) at the start of fermentation to ensure an adequate population 
of yeast (Cantarelli 1957; Bely et al. 1990; reviewed Henschke and Jiranek 1993 and Bell and 
Henschke 2005). 
The nitrogen compounds of must, principally amino acids and ammonium, have an influence on 
production of aromatic compounds as well as the principal products of sugar fermentation, 
ethanol and glycerol (Albers et al. 1996). Several studies have reported the effect of ammonium 
addition on the composition of wine constituents, including some aromatic compounds 
(Henschke and Jiranek, 1993; Rapp and Versini 1996; Albers et al. 1998; Spiropoulis et al. 2000; 
Bely et al. 2003; Torrea et al 2003; Hernández et al 2005; reviewed by Bell and Henschke 2005). 
In YAN deficient media, the addition of nitrogen nutrients affects the production of esters, 
higher alcohols, volatile fatty acids, thiols and other volatile compounds.  
In the present study Albariño grape juice (250 mg YAN/L) was supplemented with ammonium 
to obtain a medium (350 mg YAN/L) and high (450 mg YAN/L) concentration of yeast 
assimilable nitrogen. The impact of the nitrogen concentration of the juice on wine composition 
produced by fermentation with a high nitrogen demanding yeast (Dolmar M05) was determined.  
Material and Methods 
Fermentations. The strain of Saccharomyces cerevisiae used in this study was Dolmar M05 
isolate of commercial wine yeast. An Albariño juice having a YAN content of 250 mg N/L was 
used to prepare a series of juices with a YAN content of 250, 350, 450 mg N/L made by the 
appropriate addition of NH4Cl (Cl is not known to affect yeast metabolism at low concentration). 
Yeast starter cultures were prepared in 10 mL of MYPG medium contained in 20 mL flasks and 
incubated with shaking (180 rpm) at 27ºC. These cultures were used to inoculate nine 10 L lots 
of Albariño juice to a final cell density of 5x106 cells/mL. The fermentations were incubated at 
18ºC. Fermentations progress was monitored by determining sugar density.  
Determination of residual ammonium and free α-amino nitrogen (FAN). Residual ammonium 
and free α-amino acid nitrogen (FAN) of clarified fermentation samples were quantified using 
enzymatic test kits (Boehringer Mannheim) according to the manufacturers instructions.  
Chemical analysis. Ethanol concentration (%), volatile acidity (g/L), reducing sugar (g/L), 
titratable acidity (g/L), malic acid (g/L) and tartaric acid (g/L) was quantified by HPLC 
according Nissen et al. (1997).  
Analysis of volatiles. Fermentation samples were centrifuged (15000 x g) for 5 min and the cell-
free supernatants were stored at 4ºC until analysed. The fermentation products were quantified 
by a multi-component method based on headspace solid-phase microextraction coupled with gas 
chromatography mass spectrometry (HS-SPME-GC-MS). The methods are described in Siebert 
et al. (2005).  
Statistical analysis. These analyses were accomplished using the Enterprise Guide 3 System 
Software (SAS Institute, Cary, NC, USA). 
Results and Discussion 
Fermentation progress. The fermentation profiles for the Albariño musts show that all treatments 
commenced fermentation with minimal delay with the exception of the 450 mg YAN/L 
treatment, which showed a 2-day delay. All must treatments, however, completed fermentation 
in 8-9 days at 18ºC. 
Wine composition (Table 1). The concentrations of different parameters were subjected to 
ANOVA to identify significant differences between the three wine treatments. Significant 
differences were found in ethanol and total acidity. Increasing YAN produced a small negative 
trend for ethanol concentration and increased concentration of wine total acidity. Significant 
differences (p< 0.001) were found in concentrations of residual FAN and ammonium in the 
wines with the highest must YAN treatment showing a high residual ammonium as well as FAN. 
All of the must treatments produced wines with residual sugar contents of < 1 g/L, which are 
therefore considered to be dry. The low volatile acid contents of the wines showed that the 
fermentation process had proceeded correctly.  
 
 
 
 
 
 
 
 
 
 
 
 
 
Wine volatiles (Table 2). Wine volatiles were affected by must YAN. Significant differences 
were found in ethyl esters (p<0.05) and total alcohols (p< 0.01). Total alcohols decreased with 
increasing YAN, and were well below the upper limit (300 mg/L) considered desirable for wine 
aroma quality by some authors (Rapp and Mandery, 1986; Wagener and Wagener, 1968). The 
maximum values for ethyl esters, which contribute fruitiness, were greatest in the Albariño wines 
made with medium to high YAN concentrations. Ethyl acetate has been excluded from the sum 
of total esters due to its distinct contribution to the aroma of the wine (Torrea et al. 2003). Ethyl 
acetate was the most abundant ester for the three Albariño wines and showed a small positive 
trend with YAN. However, the trend was small compared to that observed in Chardonnay wine 
as reported by Torrea and Henschke 2004).  
 
 
 
 
 
 
 
Conclusions 
The results obtained in the study of Albariño wines, which were derived from musts with a wide 
range of YAN concentrations, showed that significant differences were found amongst the 
different wines in terms of the concentrations of most aromatic compounds typically produced 
by Saccharomyces yeast. This is despite the fact that the lowest must YAN studied (250 mg N/L) 
is considered to contain a moderate level of YAN compared to musts from other regions of Spain 
and the rest of the world. Must YAN content affected fermentation progress, wine composition 
and yeast volatiles content. In this study, ethyl esters and total alcohols were the most affected 
compounds. Work is still required to study the impact of yeast with different nitrogen demands 
and sensory studies will be needed to establish the significance of the results obtained. These 
results never-the-less suggest the importance of optimizing must YAN content. 
Table 1 Must YAN (mg/L)  
Parameters  250 YAN  350 YAN 450 YAN Sig. 
Ethanol (% vol) 12.4±0.0 12.4±0.0 12.3±0.0 *** 
Titrable acidity 8.75±0.1 9±0.1 9.25±0.1 * 
Glycerol (g/L) 6.6±0.4 6.9±0.6 6.85±0.2 ns 
Glucose (g/L) 0.1±0.0 0.1±0.0 0.1±0.0 ns 
Fructose (g/L) 0.7±0.4 0.2±0.0 0.35±0.2 ns 
Succinic acid (g/L) 0.75±0.1 0.75±0.1 0.7±0.1 ns 
Malic acid (g/L) 4.7±0.0 4.6±0.1 4.6±0.0 ns 
Lactic acid (g/L) 0.4±0.0 0.45±0.1 0.4±0.0 ns 
Acetic acid (g/L) 0.5±0.0 0.5±0.0 0.5±0.0 ns 
Tartaric acid (g/L) 1.75±0.1 1.75±0.1 1.8±0.0 ns 
Citric acid (g/L) 0.4±0.0 0.4±0.0 0.4±0.0 ns 
FAN  (mg/L) 101±2.8 133.5±0.7 163.5±0.7 *** 
Ammonium (mg/L) 5±1.4 7.5±0.7 70±2.8 *** 
Table 2                                   Must YAN mg/L  
Compounds (mg/L) 250 350 450 Sig. 
Ethyl acetate 59.82±3.92a 61.89±2.24ab 65.25±1.17b ns 
Ethyl esters 12.08±3.42a 16.74±0.39b 16.64±1.44b * 
Total acids 18.20±0.62a 19.20±0.54b 18.30±0.43a ns 
Total alcohols 205.31±17.23a 213.84±13.32a 178.33±4.82b ** 
Total acetates 4.76±0.59a 4.68±0.35a 3.97±0.69a ns 
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